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Abstract of JP2003036238 

PROBLEM TO BE SOLVED: To remarkably 
improve deterioration in the CPU processing 
performance. SOLUTION: In the information 
processing system to control peripheral 
devices (104-106) using a peripheral control 
part (103) with DMA and a command analysis 
function by a multitasking program on a CPU 
(100) with built-in cache memory (101) and 
connected to shared memory (102), I/O 
access command for the peripheral device 
control is generated on the cache memory, the 
I/O access control for the peripheral device 
control generated on the cache memory is 
deployed on the shared memory, and the 
peripheral control part is initialized. 
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* NOTICES * 

JPO and inpit are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By the multitasking program on CPU connected to the shared memory while building in 
cache memory It is the IO access-control approach in the information processing system which 
controls subordinate equipment using a subordinate control section with DMA and a command 
analysis feature. Said CPU creates IO access command for said subordinate device control on said 
cache memory. The IO access-control approach characterized by including the step to which IO 
access command for said subordinate device control which said CPU created on said cache memory 
is developed on said shared memory, and said CPU starts said subordinate control section. 
[Claim 2] Said CPU is the IO access-control approach according to claim 1 characterized by 
performing processing which judges the starting address and effective length of said IO access 
command, processing which judges the minimum cache line containing a part for said IO access 
command effective number, and processing which controls the this judged minimum cache line. 
[Claim 3] The IO access-control approach according to claim 1 that ring chain structuring of said IO 
access command developed on said shared memory is carried out. 

[Claim 4] The IO access-control approach according to claim 1 that said two or more subordinate 
equipments are connected to said subordinate control section through two or more control buses. 
[Claim 5] CPU which builds in cache memory, and the shared memory connected to this CPU, The 
subordinate control section which is connected to said CPU through a main control bus, and has 
DMA and a command analysis feature, It is the IO access-control approach in the information 
processing system equipped with the subordinate equipment connected to this subordinate control 
section through a sub control bus. The step to which said CPU creates IO access command for 
controlling said subordinate equipment to the field on said shared memory on said cache memory, 
The step to which said CPU computes the magnitude of the cache line where said IO access 
command is developed from the starting address and size of said IO access command, The step said 
IO access command judges [ said CPU ] a write-in access command or a read-out access command 
to be, The IO access-control approach containing the step to which said CPU develops said IO 
access command created on said cache memory on said shared memory, and starts DMA of said 
subordinate control section based on this decision result. 

[Claim 6] When said IO access command is judged to be said write-in access command in said 
decision step, said expansion and a starting step The step which said CPU makes develop said IO 
access command created on said cache memory using the write back instruction on said shared 
memory, The IO access-control approach according to claim 5 characterized by having the step to 
which said CPU notifies the address on said shared memory of said IO access command to said 
subordinate control section through said main control bus, and starts DMA. 

[Claim 7] Said subordinate control section is the IO access-control approach according to claim 6 of 
having the step which analyzes said IO access command on said shared memory by said DMA, and 
the step controlled through said sub control bus to said corresponding subordinate equipment. ' 
[Claim 8] When said IO access command is judged to be said read-out access command in said 
decision step, said expansion and a starting step The step which makes an applicable cache line 
cancel while said CPU develops said IO access command created on said cache memory using the 
write back & nullification instruction on said shared memory, The step to which said CPU notifies 
the address on said shared memory of said IO access command to said subordinate control section 
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through said main control bus, and starts DMA, The IO access-control approach according to claim 5 
characterized by having the step which interrupts applicable processing until said subordinate control 
section makes access complete to said subordinate equipment and said CPU develops a result to said 
shared memory. 

[Claim 9] Said subordinate control section is the IO access-control approach according to claim 8 of 
having the step which analyzes said IO access command on said shared memory by said DMA, the 
step which controls through said sub control bus to said corresponding subordinate equipment, the 
step which develops a result on said shared memory in said DMA, and the step which reads to said 
CPU using interruption and notifies completion. 

[Claim 10] Said CPU which received the notice of said read-out completion is the IO access-control 
approach according to claim 9 of having the step which resumes said interrupted processing, and the 
step which accesses the read-out result on said shared memory through said cache memory. 
[Claim 11] The program which performs the processing which creates IO access command for said 
subordinate device control on said cache memory as program ** which makes CPU connected to the 
shared memory while building in cache memory control subordinate equipment to a subordinate 
control section with DMA and a command analysis feature, the processing which develop IO access 
command for said subordinate device control created on said cache memory on said shared memory, 
and the processing which start said subordinate control section. 

[Claim 12] The program according to claim 1 1 which makes said CPU perform processing which 
judges the starting address and effective length of said IO access command, processing which judges 
the minimum cache line containing a part for said IO access command effective number, and 
processing which controls the this judged minimum cache line. 

[Claim 13] CPU which builds in cache memory, and the shared memory connected to this CPU, In 
the information processing system equipped with the subordinate equipment which is connected to 
said CPU through a main control bus, and is connected to a subordinate control section with DMA 
and a command analysis feature, and this subordinate control section through a sub control bus The 
processing which creates IO access command for controlling said subordinate equipment on said 
cache memory to said CPU at the field on said shared memory, The processing which computes the 
magnitude of the cache line where said IO access command is developed from the starting address 
and size of said IO access command, The processing said whose IO access command judges a write- 
in access command or a read-out access command, The program for performing processing which 
develops said IO access command created on said cache memory on said shared memory based on 
this decision result, and starts DMA of said subordinate control section. 

[Claim 14] When it is judged that said IO access command is said write-in access command in said 
decision processing, by said expansion and starting processing The processing which develops said 
IO access command created on said cache memory by said CPU using the write back instruction on 
said shared memory, The program according to claim 13 for performing processing which notifies 
the address on said shared memory of said IO access command to said subordinate control section 
through said main control bus, and starts DMA. 

[Claim 15] When it is judged that said IO access command is said read-out access command in said 
decision processing, by said expansion and starting processing The processing which makes an 
applicable cache line cancel while developing said IO access command created on said cache 
memory by said CPU using the write back & nullification instruction on said shared memory, The 
processing which notifies the address on said shared memory of said IO access command to said 
subordinate control section through said main control bus, and starts DMA, The program according 
to claim 13 for performing processing which interrupts applicable processing until said subordinate 
control section makes access complete to said subordinate equipment and develops a result to said 
shared memory. 

[Claim 16] The program according to claim 15 for performing processing which resumes said 
interrupted processing to said CPU which read from said subordinate control section and received 
the notice of completion, and processing accessed through said cache memory at the read-out result 
on said shared memory. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the IO access-control approach which 

used the cache and the shared memory about information processing system. 

[0002] 

[Description of the Prior Art] Conventionally, this kind of information processing system is equipped 
with the central processing unit (CPU) which contained cache memory, the shared memory 
connected to this CPU, two or more subordinate equipments controlled by the program which 
operates on CPU, and the subordinate control section for controlling two or more subordinate 
equipments by the bottom of control of CPU. 

[0003] In the conventional information processing system, when controlling subordinate equipment 
by the program which operates on CPU, IO (subordinate equipment) is accessed directly. Moreover, 
in IO access, it is necessary to secure a coherency. 

[0004] Various advanced-technology reference relevant to this invention is also known. For 
example, the "cache memory control system" which enabled it to perform I/O-command processing 
at a high speed is indicated, without increasing components mark to JP,5-189359,A (it being 
hereafter called "the 1st advanced-technology reference".) in a highly efficient processor system. In 
case an I/O command is stored in a data cache and it purges from a data cache by the command 
demand DMA cycle from an I/O adapter, he prepares the control circuit which makes the cache 
status bit of a data cache an invalid, and is trying for a data purge to occur only once by this 1st 
advanced-technology reference. Moreover, when the setting page of a command buffer is accessed, 
the control circuit which outputs a page access signal was prepared outside, and the command 
demand DMA is started with this signal. 

[0005] Moreover, "the IO control approach and information processor" which controlled IO element 
without preparing the address register and starting register corresponding to IO element in IO control 
section are indicated by JP,6-243083,A (it is hereafter called "the 2nd advanced-technology 
reference".). In this 2nd advanced-technology reference, only two registers, an address register and a 
starting register, are prepared in IO control section. Furthermore, the pointer to the DMA command 
DS corresponding to IO element is written in memory as DMA request DS, and writes the address of 
the DMA request DS in the address register of IO control section. IO control section performs IO 
processing to each IO element based on an address register with reference to the DMA request data 
and DMA command DS of memory. That is, by the 2nd advanced-technology reference, IO control 
section reads IO command information from memory, and is performing processing of the IO 
command corresponding to an I/O device. 

[0006] Furthermore, the more efficient I/O-channel controller is indicated by JP,8-1 15260,A (it is 
hereafter called "the 3rd advanced-technology reference".). That is, by the 3rd advanced-technology 
reference, an I/O-channel controller applies a coherency and synchronous mechanism. Thereby, an 
I/O-channel controller can realize completely coherent direct memory access actuation with a 
multiprocessor system bus, without applying a retry protocol. This becomes possible by performing 
delay cache nullification to the cache coherency conflict of the real time between a processor and an 
I/O device. Moreover, I/O On real time, DMA writing is produced without the conventional RWITM 
(Read With Intent to Modify) actuation to a memory system, in order to realize a "seamless" I/O 
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synchronization to activation of a processor — completion of PIO actuation — I/O It is connected to 
completion of a DMA write-operation. By such technique, a merit produces a design by simplifying 
sharply in the gestalt of an I/O-channel controller. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, since IO (subordinate equipment) 
was directly accessed when subordinate equipment was controlled by the program which operates on 
CPU, with the conventional information processing system, the queuing time amount of a control 
bus and the processing time of controlled-system equipment will turn into queuing time amount on a 
direct program. Therefore, there is a problem that the throughput of CPU declines remarkably as the 
access frequency to subordinate equipment increases. 

[0008] Moreover, in IO access, as mentioned above, it is necessary to secure a coherency but, and 
even if CPU mounts cache memory, non-cache use access is usually performed in many cases. For 
this reason, there is a problem that the performance which CPU has is unutilizable. 
[0009] In addition, the 1st advanced-technology reference mentioned above is indicating the 
technical thought which enabled it to use cache memory also as a command buffer. Therefore, like 
the above-mentioned conventional information processing system, when controlling subordinate 
equipment by the program which operates on CPU, since subordinate equipment will be accessed 
directly, by this 1st advanced-technology reference, it is thought that the problem same with having 
mentioned above arises. 

[0010] Moreover, as mentioned above, by the 2nd advanced-technology reference, IO control section 
reads IO command information from memory, and is indicating the technical thought which was 
made to perform processing of the IO command corresponding to an I/O device (subordinate 
equipment). However, the 2nd advanced-technology reference is not indicated at all about use of 
cache memory. 

[001 1] Furthermore, the 3rd advanced-technology reference is not indicated at all about use of the 
cache memory with which CPU is equipped, although the cache memory with which the I/O-channel 
controller was equipped is indicated. 

[0012] Therefore, the purpose of this invention is to offer the IO access-control approach which can 
do ** t which improves the fall of the throughput of CPU remarkably. 

[0013] Another purpose of this invention also has access of a shared memory in offering the IO 

access-control approach which can use cache memory. 

[0014] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the following 
engineering construction is used for this invention. 

[0015] According to this invention, by the multitasking program on CPU connected to the shared 
memory while building in cache memory It is the IO access-control approach in the information 
processing system which controls subordinate equipment using a subordinate control section with 
DMA and a command analysis feature. Said CPU creates IO access command for said subordinate 
device control on said cache memory. IO access command for said subordinate device control which 
said CPU created on said cache memory is developed on said shared memory, and the IO access- 
control approach characterized by including the step to which said CPU starts said subordinate 
control section is acquired. 

[0016] By such configuration, actuation of said CPU will be released from the processing delay by 
said subordinate equipment etc. after said IO access command issue. 

[0017] In addition, as for said CPU, it is desirable to perform processing which judges the starting 
address and effective length of said IO access command, processing which judges the minimum 
cache line containing a part for said IO access command effective number, and processing which 
controls the this judged minimum cache line. Thereby, access to said shared memory also becomes 
possible [ using said cache memory ], and the fall of a CPU throughput can be improved remarkably. 

[0018] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail with reference to a drawing. 

[0019] With reference to drawing 1 , the information processing system with which the IO access- 
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control approach concerning the gestalt of operation of the 1st of this invention is applied is 
explained. The information processing system of illustration contains cache memory 101, and 
consists of the central processing unit (CPU) 100 for controlling the subordinate equipment 
mentioned later, the shared memory 102 connected to this CPU 100, a subordinate control section 
103, two or more subordinate equipments 104, 105, and 106 connected to this subordinate control 
section 103 by the sub control bus 111, and a main control bus 1 10 for control of the subordinate 
control section 103. 

[0020] The subordinate control section 103 analyzes the DMA (Direct Memory Access) function to a 
shared memory 102, and IO (I/O) access command 120 set up on a shared memory 102, and has the 
function which controls IO (I/O) of the subordinate equipments 104-106 connected by the sub 
control bus 111. 

[0021] The example of implementation of IO access command on a shared memory 102 is shown in 
drawing 2 . IO access command 120 consists of IO access commands for several command minutes. 
[0022] It is shown in the flow Fig. of the program actuation which operates on CPU100 to drawing 
3 . Hereafter, actuation of CPU 100 is explained according to this flow of operation. 
[0023] First, CPU 100 creates IO access command 120 for controlling the 1st subordinate equipment 
104 to the suitable field on a shared memory 102 on cache memory 101 (step S301). However, at 
this time, IO access command is only developed on cache memory 101 (creation). 
[0024] Next, CPU 100 computes the magnitude of the cache line of cache memory 101 where IO 
access command is developed from the starting address and size of IO access command 120 
developed on a shared memory 102 (step S302). If it explains in full detail, CPU 100 will perform 
processing which judges the starting address and effective length of IO access command, processing 
which judges the minimum cache line containing a part for IO access command effective number, 
and processing which controls this cache line of the judged min at this step S302. As for CPU100, IO 
access command judges a write-in access command or a read-out access command (step S303). 
[0025] When IO access command is a write-in access command (Yes of step S303), the write back 
instruction of CPU 100 is used for CPU 100, and IO access command 120 developed on cache 
memory 101 (creation) is developed on a shared memory 102 (step S304). Then, CPU100 notifies 
the address on the shared memory 102 of IO access command 120 to the subordinate control section 
103 through the main control bus 1 10, and starts DMA (step S305). CPU100 completes control in 
program at this time. 

[0026] The subordinate control section 103 analyzes IO access command 120 for the subordinate 
device control on a shared memory 102 by DMA, and controls through the sub control bus 1 1 1 to the 
corresponding subordinate equipment. 

[0027] On the other hand, the write back & nullification instruction of CPU100 is used for CPU100, 
and while developing IO access command 120 developed on cache memory 101 (creation) on a 
shared memory 102, the applicable cache line of cache memory 101 is made to cancel, when IO 
access command is a read-out access command (No of step S303) (step S404). Next, CPU 100 
notifies the address on the shared memory 102 of IO access command 120 to the subordinate control 
section 103 through the main control bus 1 10, and starts DMA (step S405). 

[0028] The program of CPU 100 interrupts applicable processing until the subordinate control section 
103 makes access complete to the subordinate equipments 104-106 and develops a result to a shared 
memory 102 (step S406). In this case, CPU 100 is possible for performing other processings. 
[0029] The subordinate control section 103 analyzes IO access command 120 for the subordinate 
device control on a shared memory 102 by DMA, controls to the corresponding subordinate 
equipment, and develops a read-out result on a shared memory 120 in DMA. Then, the subordinate 
control section 103 is read to CPU100 using interruption, and notifies completion (step 407). 
[0030] CPU100 which received the notice of read-out completion makes the interrupted processing 
resume (step S408), and accesses the read-out result on a shared memory 102 through cache access 
of cache memory 101 (step S409). 

[0031] In this case, since the part equivalent to IO access command on cache memory 101 is 
cancelled at the time of command starting, a mistake hit occurs at the time of the access activation 
after read-out completion, and the coherency between a shared memory 102 and cache memory 101 
realizes it. 
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[0032] With reference to drawin g 4 , the information processing system with which the IO access- 
control approach concerning the gestalt of operation of the 2nd of this invention is applied is 
explained. The information processing system of illustration shows the example at the time of 
carrying out ring chain structuring of the IO access command of a shared memory 102 A part. 
[0033] On shared memory 102 A, the ring-like chain 200 of a command is constituted and it has the 
write-in pointer 301 for CPU100 to write in IO access command for subordinate device control as 
control data 201, and the read-out pointer 300 for reading IO access command with which the 
subordinate control section 103 was written in. 

[0034] In the subordinate control section 103, CPU 100 writes IO access command in the command 
field which the write-in pointer 301 shows to asynchronous, and updates the write-in pointer 301. 
Loading is possible for the loading of IO access command until the write-in pointer 301 shows the 
read-out pointer 300. 

[0035] Moreover, while the command is set as the command field which the read-out pointer 300 
shows independently of CPU 100, the subordinate control section 103 incorporates a command in 
DMA, and carries out control shown by the command through the sub control bus 1 1 1 to subordinate 
equipment. Decision whether the command is set up or not can be judged with the number of 
commands of the IO command 401 etc. 

[0036] When this configuration is taken, CPU100 and the subordinate control section 103 can 
operate independently, it becomes possible to publish IO access command continuously from 
CPU 100, and improvement in a throughput can be expected more. 

[0037] With reference to drawing 5 , the information processing system with which the IO access- 
control approach concerning the gestalt of operation of the 3rd of this invention is applied is 
explained. The information processing system of illustration is the example which arranged two sub 
control buses 1 1 1 and 1 12 on the subordinate of the subordinate control section 103. 
[0038] In this case, it becomes possible to perform one device control of the subordinate equipments 
107-109 through the 2nd sub control bus 1 12 in parallel to one device control of the subordinate 
equipments 104-106 through the 1st sub control bus 111, and improvement in a throughput can be 
expected. 

[0039] In addition, it cannot be overemphasized that modification various by within the limits which 
this invention is not limited to the gestalt of operation mentioned above, and does not deviate from 
the summary of this invention is possible. For example, if it realizes combining the gestalt of 
implementation of the above 2nd, and the gestalt of implementation of the above 3rd, it can predict 
that effectiveness becomes size more. Furthermore, the escape to the system which can control the 
subordinate equipment group of a bigger scale is also possible, without a throughput declining, if 
two or more arrangement of the command-chaining structure on a shared memory 102 and the 
combination of a subordinate control section is carried out. 
[0040] 

[Effect of the Invention] As explained above, since CPU is creating IO access command for 
subordinate device control and is developing on a shared memory through cache memory, 
effectiveness which is described below is done so by this invention. 

[0041] The 1st effectiveness is becoming possible from the CPU execution time to eliminate the 
queuing time amount of a control bus, and the response time of subordinate equipment, and being 
able to improve the throughput of CPU by separating access to subordinate equipment from the 
program manipulation of CPU. 

[0042] The 2nd effectiveness is being able to accelerate the issue of IO access command itself and 
being able to improve a process speed by this by utilizing effectively the cache memory built in 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the hardware configuration of the information 
processing system with which the IO access-control approach by the gestalt of operation of the 1st of 
this invention is applied. 

[Drawing 2] It is drawing showing the example of a configuration of IO access command used with 
the information processing system shown in drawing 1 . 

[Drawing 3] It is the flow Fig. showing the program actuation which operates on CPU of the 
information processing system shown in drawing 1 . 

[Drawing 4] It is the block diagram showing the hardware configuration of the information 
processing system with which the IO access-control approach by the gestalt of . operation of the 2nd 
of this invention is applied. 

[Drawing 5] It is the block diagram showing the hardware configuration of the information 
processing system with which the IO access-control approach by the gestalt of operation of the 3rd 
of this invention is applied. 
[Description of Notations] 

100 Central Processing Unit (CPU) 

101 Cache Memory 

102 Shared Memory 

103 Subordinate Control Section 
104-109 Subordinate equipment 
110-112 Control bus 

120 IO Access Command 

200 Ring Buffer 

201 Control Data 

400 401 The IO command 
402 IO Access Command 
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fc*HT, CPU (10 0) tt, ^^y->a.^^U±fc 



MS 
IBS Kg 



-3 











Ol 




O 














( 2 ) 

1 

lC±r), DMARlXav>h*»W«ffi*»oET«»« 
WEC P UjWWE** v S'aJ^'J ±C»EET««M 

wscpua*WE3r-fry->3.*^' j±Kfe/£bfcWEffi 

T^iSHBIffl© I 07 9 17 3 t > F 4ME*t U 10 

MS C P uaWEETttflWS iEft-T 3* x 7**tf 
^t^SitTS I 079tX^«m 
[W*B2] WECPUte. 

WEI 07f"fe^3^>H*»ft»*#tri»/hO4 l *y 

[■#913] WE****U±K:SM£nfcWEI O 

M&9U CMO I OT2H:**OT#8c. 

[B#fll4] WEETMfP*K***«E©«»A^S 
^bT*»©MEET36«#*«3*iTV»*, 
(cte^co i o7#-fex*w;&ft. 

[■MSB 5] tt-yfaJtt'J^mCPUt, 

WU^l/TgiSn> DMAStf3V>H»tfM 30 

T««sn*ETSI«i:*fll*fc**ffla->^7-"^fc* 

WECPUd*, WE^ir y->3.^t'J± K: WE** ;* ^ 
■J±©**fcttEETS«*iHfPT5fc«><0 I 07^t 
7. a T > F * f^^T 3 * 7- >y 7" t . 
jJECPUa*. WEI 07?-fe7>3-?>FrogB&7Fl' 

nt ^ -5 * + -y > a. 5 -f > <o* §r s * * ait" 3 X t- >y y 

MECPUi*. WEI 07i7-feX^v>K55*Si2 t *7^ 
-fcT. n V > F b 7 £ -fe 7 n ^ > F ^ £«BffT3 7. 

gtfiJ»ri!S*lc£^V>T\ WECPUrt^ li+fr/a 
*^U±Kf&Satl&«tlEI 07i7tX37>F*iE 
***^<J±K:IIP!U WEETififflBK<£>DMA£ig®J 

[W#^6] WEfli^fyT'K:*^, »EI07 
£-fc*3-?>F#ME»&*7*-fe*3"T>FT?a*£ 
WWrSnfc«^, WESM^cfctfigSiX^y^H, 5 
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WECPUA*. 5-f h^y^^^fffll/TiE+fy 
Iszl** U±KfftS3nfcttEI 07mnv>F4 
fit] S * * ;* * U ± C B H S -£ 3 7 7 -v -f t . 
MECPU^, ME I OT?tX37> FOIIIE** / 
^ij±07 FbX£WE3£itidfPA*7£:frbTWEETfW 

t*»«fr*»*3«5»-E«OI 07i7-fe7.WfP* 
ft. 

[»#« 7 ] WEETM»«tt. 
WEDMAfc«kOWE**^ ; & , J±©ttEI 07?tX 

n t > F £ mm T 3 X t- v -J <t . 

K^T -5WEET&fil::*i UTttE»J«» IT 

fSJPT37.7 i y7 , t*WT3IS#a6CE«roi 07* 

-feXiWfWft. 
[»*9I8] BiEfl^r-^lC^^T. IKIEI07 
^■t^3T>Ha»l»ERHib7i'*X3T>FT**t 

E* ryva^'J ±Kffr&3 tifclttE I07m3 
■7 > F * WE** / * U ±K*E S ** t * ir 

flMBCPU**, iSI07i?tX3Y>F0ifE^ 
^ 'J ±0)7 F l/X £iE±»lffl/U bTWEETfW 

MECPU*«. mEET«W«* J WEETil«K:?*bT 

Ti7irX^^7^*. *5*£WE*ar**'Jfc«Brr* 
£-r*»#*5fcE*«> i or**;* 

[«#« 9 ] WEET1W»«tt. 
WED M A (C «t 0 WE** * * U ±0 WE I O 7 # -fe X 
3?>F?:»«rt5Xf7^> 

SST3WEETSHK#bTWES'J$fflA*X£:ft-bT 
^^WEDMAlCTWE**^ : &U±(CSra-r37>v- 

fj 0 &fr&&.m bTWEC P UiZWifrtii b3S7£jI»"r 
S^vT/tfctfTSIMtfjtSfcE*© I 07i7-fe7.^J 

[|»#* 1 0 ] WEtt*fflb36TOa»*SVtfc«IE 
C P Utt, 

WEfp^rbT^feSaSSrS^-r^X^-yyt. 

WE* ty^^'J^l/ T WE** * ^ U ±©tt tH 

^SC7?tXt5XT-y7t4tt58S*99l:E 

^<D I 07?-feXSM©?jft» 

W^^'JtC^^nfcCPUtr. DMA5tf37>Ff 

WE^^y->3.^^'J±fcWEETSBSJS?fflro I 07 
) ^-fe7.nv>F : £^-r3Sn ! St, 



3 

mrE* *yis a. * ^ u ± tcfp^ b tz mm&Tmmmmm 
<d i o 7 z -b x n -? > k £ me## * ^ u ± ic mm ? z 

meet femffizmm-f zmm t. & nff £ -a- -5 □ 9 3 

A, 

[Bf*«12] ME I 07^±^zjrry\i<Dmt&7 K 
UX tW^g^JBrTSflia £ , 

£MECPUfC*?r$1i-5l»#3ll 1 tcfBttCQ^P^ 
A. 

[«5fc5l3] V V'a.^iJSrF'gjgTSCPU 

icpuc^nt^tiji, mecpuk 
fc^ux, mecpui^ 

ME++- V v-i^'J -fcfcME**-;*^ >J ±©ffl^fcW 

ME I OT^-feXr3v> K 1^X43 itf-y-f X 

*>6ME I 07^t^n?> HsWRWaftT^*** y 

WIS I O 7 ^ -fex 3 T > K ^#ii*.7- 2 -feX 3 v > K 
£*lfcME I 07^-feX3-7>h*Srti}fE^^^ ij ±f~ 

Xziv> F**ME#&*7'i7-tr;<.3V> K Tab -Si WW 
£nfci§-&, S9EJSIB*J:CXjei&fflaT, MECPU 

7 -f h A «/ £ ^ $ &ffj b TME* y is a. ;* ^ U -h 
X *«FIH*W»/X^ ^bTMEETftJiTOfCilfcl U 

DMA*ie»-r*«iat**ffs-e-.5fc«>©ii*JBi 3 < 

X n t > FtfttlBRtt b 7 f-feX 3 v > tfijfgr 
^^S^, MEJHIJB43J;Z>*jgf&$aaT, (5ECPU 

5-f FA«;/£&&&Yfci&^£&/HbTME^>.y>'a.* 
'J ilCjggS^-a-^ i^KKMi^ y 7-f 

atSMts-fr-saaat, 
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X SrMEiSWAX bTMEETfMSPg&KSfc] U 
DMASfittT-Sffla*!:. 
MEETfWffl>g&;&*MEETgBK;tf b T 7 £ -kX £5S7 

^•a-, &^£ME#w*^ uicsirt-sST^ffla* 
*»f-r^5!ia<h^*ff$-&2)fc»?)(Da^i 3 ice®© 

»££tt&MECPUf::, 
10 SMB+t7->a^t 'JSrtf-bTME^^'JiCDigtlj 

b as* k 7 -t x -r 3 5q a t * #?fr s -a -5 & g> © it * 

[0 0 0 1] 

7 i7 -fe X fftlfflWa; IC ^) . 
[0 0 0 2] 

20 fyya^tUSrtllfet^Igi (CPU) i. 
cccpuc»«sftfc*^tijt, CPU±-zriijf^ 
-r^yn^^AT^JW^tl^SSt^wgBT^Bi, CP 

[0003] flasroflMRffla^xyA-rtt. c p u±-c 
[0004] *&w\zmm-tz>ft.fi&m$;ffi<bm*%}t> 

30 «SJA«. *#ll¥5- 1 8 9 3 5 9^&$g 

< I/Onv>h*MaSriSia(cffA-5=fc5{Cbfc r^-^ 

5feff^WX«T«, r-^ty->al:i/03?>H 
Srft^L, I/07y7"^*bO37>Hg*DMAU- 

bfei#, ^•S5»C^-> J 7'i7-b:7,«^^tB^r-S*Jffll|lI 

[0 0 0 5] £fz. 6-243083 (£* 

T. r»2©5feffft*Xlttj t»f*. ) fctt, loss 

©^2©5fefrS«3tKfC43^T. IOamU 7H 



( 4 ) 

5 

^mit^CD^'f >*te, DMAI*T-^IStl/T^ 
^fcU ^0DMAS*f- *8ljt©7 KU* 

£ I Of&H9g&©7 b'bT.l/v'T.^Ktf&ir. I Offlfflal> 

SffiXSK-m, lomwm^ ion 

U^bS^-iliU AtB*gil^t5I037>K© 

[0 0 0 6] SbK, W8- 1 1 5 2 6 O^te®. 
(ETF, ^ 3 ©Sfcfr ftffiXSKJ t»?^o ) cfcO 
mmtfilti I /Of • 3>hP— 7#Marc£*T.T<^ 

■s, -r&*rs, m 3 ©ftmsffixirm. i/of+* 

cm: iO I /Of • 3 > h a-? 

OgiC0K« , J7M'fA<»*t7>'3. • 3t-l/» 20 

3;i,hKJ:-pT«mK&3. £fcl/0 DMAta* 

WITM (Read With Intent to Modify) Hf££c<£b 
3o yD-t-y-y-OSIff^bT r->-Al^XJ ft: I/O 

mm&nmTzfrsbizp i osf^o^T« i /o dm 

[0 0 0 7] 

7«^fitt^nTC p uo^affi^*^ b < <btt 

[0 0 0 8] tfc, I07yt7©i^. «ft5zBbfc«k3 4 

t. n t-i/^v-^^w-r^'if-s^fe^*^ cpua** 

tyya/^U^HSl/T^Tt). il*#f r -.yv^ 
fflT^-kX^ff^-a:^^. Z<Dfc«b. CPU©8fO 
7 3j- — v >7. 4 £frb # tift H <t V* o T$M.-fr$> 3. 
[0009] ft. ±i£bfcfgiroftffi£*fi2:fS*te. *r 

5iCl/fcftIMS«*i*^^^ 5 » bfctfoT, CP 

;i©ff§i©ftfrt£ffiXitmi. ±teft*©tim$aa->x 
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sot, ±j6Lfc©£H«©iBiHa*S£*£ i **.e.n 

[0 0 10] Sfc. ±KEbfc±o^. ^©StmSffi* 
I OfWPgB* 1 . I037> FfSSl^r.^^'J^b 
f£*ffiU AtiirtflS (ETiSfi) KttJfcT^IOnT 
> \i<DmW.&Mff 21*3 J: 5 K:bfc&$fiWS&£§?^b 
TV>5. b^bfrtfb, SS 2 ©ftfTiTfMm* 
^ lj ©flJJB ICO UTttM b l/T V^V^o 
[0 0 1 1] £bK. fg 3 <D5fcff8:fiT££m> I /Of 
• 3 > h D — ^f'fit^-btlitf ^ "V v-a^^U 
OViTttEttbTVi***, CPU(C«^.t.nTV^f ^ 
», ;* ^ U ©fijffl IC-P^TteH b bTV>ftV». 
[0 0 12] bfctfoT, CPU©© 
Sffi*©<£T^*b<*«-r 3£ t 107^ 

-tr t; vmi5 & * s«-r s £ t k * -s . 
[0013] *ftw<Dme>mw&s ©7*-fc 

-fe: t; f&JfliWft £ *§#irr 3 c <h fc & £ . 

[0 0 14] 

[0 0 1 5] *5BWK±fttf« tt-r/a^^'J^S 
Xr AfCfett^ I OT^-feXSiJfflTJftTa&oT, wee 

io7m3v>h-^uu MfecPLWiifrfSf v 

y-> 3 .^^U±C^bfcffiiEETSgS'JPfflO I 07 

i7-t7;p-7>K^Haf2**^ ; &u±^aiBb, *df2cp 

^t-fa I OT^-te^fBHW*^*^*!*" 
[0 0 16] C©«k5Ja:**K:J:0, stlfS I 07 i7 - fe7> 
nv>F^ : ffm«. MfBCPU©®)^* ! , MfBSBTSB 

[0 0 17] ffl, I3IBCPU«, MI2I OT^-kXPV 
>h-©g8te7'Hl/7>t*«)* ; &*'J»fT^5!] ! St. MCI 

^ij*fflV»*ct*<pl«6tJic0, CPUj©SHg^©<£T 
[0 0 18] 

[§gE©jij&©7&si] atT, ^m<Dmmomm\z-D^ 
Tmm^mvxmm\zmM-r^o 

[0 0 19] 01*#B8bT, *5£W<D i mi<Dni&(DB 
0 ^tyya^t'JlOl^SU tat^BTSl?: 
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fflffl-rz>tzib(Dtp$:&mmm. (.cpu) loot. z\<r> 

CPU1 0 OiZ&mtEtlfzXti*^') 102i, ETfffl 
ffllgg 1 0 3 t, ZL<DMTfflW® 1 0 3 fCSJfWWA'T. 1 1 
lfc«fc^T*atS*XS*»#©fiT8«l 0 4, 10 
5. 106i, 0 3C*l««ro±»U 

1 1 ow^M^ns. 

[0 0 2 0] BTMflffil 0 3fi. 1 0 2tC 

*rT5DMA (Direct Memory Access) ffitiit. ifc** 
-t'J 1 0 2±lc^££n-5 I O (AtiJTj) 7^Wn7 
> K i 2 o zmtirbs mmwrt* l l i ictoTftilts io 

tl^ETii 104-106C0IO (AttlTj) £fW»T 

[0 0 2 1 ] 02 KJW^U 1 0 2_kT© I OT^-fe 
Xnv> KO^^iJ^^To I07i'tXnv>Kl 2 
Ote, 3V>KjR»© I 07i't73T>Ki^I^ 

[0022] @3CCPU100 y°U^=y 

&W)ft<Dyn-m\Z7FrT. SIT. Z<DWsf\?yu—\z&.-D 
tcpui o oroftftuctJUTttwr*. 

[0 0 2 3] CPU10 0H +tyyo.^ ; t'J 20 

10 1±K:, M^tU 1 0 2±ojga&«*K:3Bio 
iST^Ml 0 4 £®H9-r&£:ae>CD I 07?tX3Y> H 

1 2 o^r^-r-s u^ys 3 0 n „ ml, z\<nm 

[0 0 2 4] ^{C, CPU 1 0 Ott, ^W^^EU 10 2 

-tizmffl-gnz 1 OT'i7-fexn-7> k 1 2 QombhT k 

H5 + t5'V'a^ ; Ey 1 0 1 <£>+-f XDjz'B 
^WffiT-S Wfy7 r S 3 0 2) . S^TT-St, £<D 30 
XT7^S3 0 2T, CPU10 0H I07^t73 
V>K©Hj67'r I UX<>:*3S** ! RIWr«jaafc. IO 

7^>£$ffit~ ^StSrTT'S. CPU10 0I1 IO 

ft737>K**Wit4 (Xt7^S 3 0 3) . 
[0 0 2 5] I07^-tX37>K^t2 : *7i't7.3 
V >]*<£>$£• Uf'^S 3 0 3 <DY e s) , CPU1 

0 Ott, CPU1 0 0O5-f hAv^Wrtttffll/T. 40 
*tv>a«'J10 1±l:fl|| (fpj«) StlS: I 07 
i7-kX3V>K 1 2 0«#tf** U 1 0 2±fcMM^-& 

•5 Uf-y/S 3 0 4)= §I^T» CPU1 00H 

1 07m37>H 1 2 OeD^^U 1 0 2±©7 

k is7>&±fflmrtx 1 1 o ^itTETaas 1 o 3 »c 

DMA^ltS (Xf7yS 3 0 5) „ 
CPU100H ^n^AWfctt. COWfXSTffWflltt 

[ 0 0 2 6 ] ieTf&JSPgp 1 0 3 tt. DMAfC^D*** 
1 0 2±©ETglHflffl© I 07ftX37>K 50 



8 



1 2 0^I#fl, K^TSETgMKttLTIUf&OTAT. 

1 1 1 &ftVTfflffl$:mM-r'Z>. 

[0 0 2 7] I 07^-tXZ3V>H*^tflLT^ 

irX3V>K©^ Uf7yS 3 0 3«No) . CP 
U10 0H CPU1 0 0ffl7^h^7^&IM#^ 

£&jblt, ^t7->a>t'jio i±\zmm (ffrsg) 
Sttfc I OT^-fe7.ziV>h* 1 2 o£#***u 102 
±(cSH$-tt-5i*fc:, tfvya^^U 1 0 1 ©K^S 

4) . WZ> CPU10 0H I 07JtX37> K 1 

2 0 (0**^^6 "J 1 0 2±0D7 F WXS&MffA;* 1 1 
0*aUTET«»*l 0 3»C*#Uffl»U DMA^g 
Kj-T-S Ury^S 4 0 5). 

[0 0 2 8] CPU10 0©yn{'5Alt IHT^JffllgP 
1 0 3iiETSll 0 4~1 0 6 \ZftVTT2±X&$Z 
»*S*t^tiJ 1 0 2K:»fllf-&STttaSa 
S£4"#rr& Uf77"S4 0 6) . CPU 
10 011 ffiOfflSfc^TSZiittiiillT**. 
[0 0 2 9] g2TfSTOS&l 0 3tt. DMACiOM^ 
t'JlO 2±<Z)ETgfifMfflifliro I OTi7-fexnv> K 

U Sg^-ffib^^DMAfCT^W^^EU 1 2 0±fCJl 
Mf*. ETfW*« 1 0 3 tt. »Di&**ttJB 

ltcpui o ofctt*tHussT*a»-ra ttf^y 

4 0 7). 

[0030] R*mu^T©a»*s»tfccpui o o 

fit, **rbT^ifcffi3«WH3-B- U?7yS40 
8) . ^tyi'a/^U 1 0 lCO^^^->zLTi7-kX$r 
Il/T#t^t 'J 1 0 2±©tt*tbLtt*K:7£-fe*T 
•5 (Xf'y^S 4 0 9). 

[0 0 3 1 ] CW^, ^tyya^tU 101 _h<£> I 
07ft737>|!|c«3t5«^tt, 

[0 0 3 2] H4S#«ll/T. *589i©*2©*J6©» 

^^'J 1 0 2 AgB#©I OTi7-feXn-7>K^iJ> 

[0 0 3 3] *t^ : E l J10 2A±l; 1 37>HO)J> 
y«fi->2 0 0***U itifflrr-* 2 0 1 ilT 
CPU1 0 Oi5>ETSliWP10IO7m3V>F 
**£&tf£Je><Z)*&*<IW >^3 0 1i, ETftMWS 
1 0 3*HI*ii*nft: I 07^tX37>^l*ffl1- 
Si ffll/jrH' >^3 0 0 t^^-p. 

[0034] CPU10 0H GTffifPff 1 0 3 £\Z, 
#WIWl\ZW&?i--i$'f 3 0 1 cDthT=i-t> Km^Sfc I 
07*-fc;*3T>K f&^>^3 0l 
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3 o i fim&isX-i 3 o o fc^TSTf* 

[0 0 3 5] £tz, ET«Wffll 0 3tt. CPU1 0 0 
*»e.SftftUT»ffll/#-f >^ 3 0 O0Sf37>HS« 

5^t'5^»flili I O37>N0 1©37>K» 

[0 0 3 6] CPUlOOtS 10 

TM»«1 0 3£a*ttftKlb« s "ItB"e*0, CPU 10 

o*6a«uTior^«=i^>i**»ff"*"*^t*« 

[0 0 3 7] @54#Il/T. *^B^OTS3<D^MCD^ 

et»w«i o 3oetc 2 5R«©m«n^^. m- 

112 ^ibfciT*5„ 

[0 0 3 8] iOS^tt. fl 1 CDltJSfflA'T. lilt* 
LfeETSU 0 4~1 0 6<D^ii'1Xfr<D ! £&fflffl£-& 20 
ffbT. fg2 05giJ$OTA*7> 1 1 2**l/ftlT*H 0 
7~1 0 9<OVvfna>©SHiM?l£?T3 

[0 0 3 9] M. ±JCbfc*«0»«KlfiS 

fc, s&W^'J 1 0 2±©37>Hfi- >«iS. ET 
[0 0 4 0] 

[5€93W2&£] £H±K*bit«k5K:. fcSBWCtt. CP 
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[0 0 4 1] gl©MH STSt^7i't^4C 
PU<oyn^7Affll* 5 b«0^t^ CPU 

«^IB*»R8"r*Ct*««II6tftD. CPUCDSaSffi^ 

[0 0 4 2] i2«l- CPUKrt*Ufc**y-> 
a«U**»KSflT4CtCJ:D. I 07*-fc*=» 

- F * fi-hT £ 5 £ £ T& 5 = 
[BiB©ffl¥frBl9I] 

[B i ] *%mv>w. i <Dmm<Dmm\z^ i o7i7-fe* 

[0 2] Bl C*tfc*«»l->^?AT?*fflSn5 I 
O 7 # -fe X P "7 > F CD #t J&#J £ ^ T 0 H $> Z> . 

[0 3] 01 C*l/fcHMWl^^®CPU±'Pl 
fFT 3 7 a ^ 5 A Witt £ jftt" 7 □ — 0 T £> 3 . 

[04] *«HJCOB2 0OHBS<73^SilC«fc^ I 07£HrX 

fflWJs&-t>mm ?n?i it^sas ->x t- a ©a— Pfx7 

It/fc^-T^P y i70T3b&. 
[0 5] *f6W©*3©*JS©»IB^J:* I 07ftX 
mVttmtfiMR tStli tSffi^S v-X 7" ACD A- F x 7 

i o o (cpu) 

10 1 ^-V y S'a.^'J 
102 j&ft^V 
1 0 3 eT«fP» 

1 0 4 ~ 1 0 9 ET^B 
110 — 112 SWAT. 
12 0 I 07ftX37> F 

2 0 0 ij>^77r 
2 0 1 ^ 

4 0 0.4 0 1 I OPV> F 
40 2 I07?t73V>F 



[0 2] 
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mil 



CPU 
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DMA 




-120 



111 



mm 

~T~ 

104 



mm 
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ST 
KB 



106 



[03] 



[04] 



CHEE3 



i — 



S302 




S305 



S404 



I 



S405 



I 



_S407 



S40S 

J 



S408 



JS409 



101 

s 



CPU 



100 




J03 
" 111 



200 



104 



402 
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ft* 



( If ) 
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CPU 



* * 7 v i 



100 



110- 



37> K 



102 




DMA 



-120 




m 

^ J 



11 



106 



"104 105 



JET 
KB 

r 

107 



ET 

kb 

108 



112I1$9«U<:* 
^-1 J 



SIS 



109 



